..SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME 



CROSS-REFERENCE TO RELATED APPLICATION 
This application is based upon and claims the benefit 
of priority from the prior Japanese Patent Application No. 
2001-394215, filed on December 26 , 2001; the entire contents 
of which are incorporated herein by reference. 

B ACKGROUND O F T HE INVE NTI O N 
Field of the Invention 

The present invention relates to a semiconductor device 
including a metal-insulator-semiconductor filed effect 
transistor (MISFET) and a method of manufacturing the same. 

Related Background Art 

It is known that in a MISFET or MOSFET, a hot carrier 
is generated as a result of electric field concentration at 
a gate edge, thereby to degrade the reliability of gate 
breakdown voltage. In order to prevent this, side portions 
of the gate are oxidized to thicken an insulating layer at 
the gate edge obtained by oxidizing the gate side portion, 
i.e., a reoxidized layer, to moderate the electric field 
intensity near the gate edge. However, a sufficient 
thickness of the reoxidized layer is required to 
appropriately moderate electric field. If a reoxidized 
layer 12 with a sufficient thickness is formed as shown in 
Fig. 8, this oxidized layer 12 may hinder subsequently- 
performed very-low-acceleration ion implantation or 
impurity doping using plasma, using gate electrodes 8a and 
8b as masks, for forming an n-type extension layer 16 and 
a p-type extension layer 17 having a lower impurity 
concentration than n-type source/drain regions 20 and p- 
type source/drain regions 21. In Fig. 8, the reference 
numeral 1 denotes an n-type semiconductor substrate, 2a 
denotes a p-type semiconductor region, 2b denotes an n-type 
semiconductor region, 4 denotes a device isolating insulating 
layer, and 6a and 6b denote gate insulating layers. 



, Generally, polycrystalline silicon-germanium is used 

as a material of a gate electrode to activate an impurity 
(e.g., boron). When the reoxidized layer 12 with a 
sufficient thickness is formed as shown in Fig. 8, the edges 
of the gate electrodes 8a and 8b have a higher resistance 
value than the central portion 34 since deactivation of the 
impurity doped to make polycrystalline silicon-germanium 
conductive occurs at the side portions of the gate electrodes 
8a and 8b. In a gate electrode which is particularly 
miniaturized, the proportion of the above-described 
deactivated portion in the gate electrode increases, thereby 
to form a depletion layer in the gate electrode. Accordingly, 
the capability of driving current of transistor is reduced, 
and the performance of MISFET is degraded. 

SUM MA RY O F T HE I NV E N TIO N 

A semiconductor device according to a first aspect of 
the present invention includes: a first conductive type 
semiconductor region formed in a semiconductor substrate; 
a gate electrode formed on the first conductive type 
semiconductor region; a channel region formed immediately 
below the gate electrode in the first conductive type 
semiconductor region; and a second conductive type first 
diffusion layer constituting source/drain regions formed at 
opposite sides of the channel region in the first conductive 
type semiconductor region, the gate electrode being formed 
of polycrystalline silicon-germanium, in which germanium 
concentration of at least one of a source side and a drain 
side is higher than that of a central portion. 

A semiconductor device according to a second aspect of 
the present invention includes: a first conductive type 
semiconductor region formed in a semiconductor substrate; 
a gate electrode of polycrystalline silicon-germanium formed 
on the first conductive type semiconductor region; a channel 
region formed immediately below the gate electrode in the 
first conductive type semiconductor region; a second 
conductive type first diffusion layer constituting 



.source/drain regions formed at opposite sides of the channel 
region in the first conductive type semiconductor region; 
and an oxide layer formed on at least one of a source region 
side and a drain region side of said gate electrode, a 
germanium concentration in a region with a thickness 
substantially identical to the thickness of said oxide layer, 
ranging from the side of the gate electrode where said oxide 
layer is formed, is 1.5 to 2 times the germanium concentration 
of a central portion of the gate electrode. 

A semiconductor device according to a third aspect of 
the present invention includes: a first MISFET having: a first 
conductive type first semiconductor region formed in a 
semiconductor substrate; a first gate electrode formed on 
the first semiconductor region; a first channel region formed 
immediately below the first gate electrode in the first 
semiconductor region; and a second conductive type first 
diffusion layer constituting source/drain regions formed at 
opposite sides of the first channel region in the first 
conductive type semiconductor region; and a second MISFET 
having: a second conductive type second semiconductor region 
formed in the semiconductor substrate and isolated from the 
first semiconductor region; a second gate electrode formed 
on the second semiconductor region; a second channel region 
formed immediately below the second gate electrode in the 
second semiconductor region; and a first conductive type 
second diffusion layer constituting source/drain regions 
formed at opposite sides of the second channel region in said 
second conductive type semiconductor region, the first and 
second gate electrodes being formed of polycrystalline 
silicon-germanium, in which germanium concentration of at 
least one of a source side and a drain side is higher than 
a central portion. 

A method of manufacturing a semiconductor device 
according to a fourth aspect of the present invention 
includes: forming a gate electrode containing 
polycrystalline silicon-germanium on a first conductive type 
semiconductor region in a semiconductor substrate; 



.selectively forming a first insulating layer on said gate 
electrode such that a portion near one side of said gate 
electrode is exposed; and forming an oxide layer by 
selectively oxidizing silicon near the exposed side of said 
gate electrode. 

A method of manufacturing a semiconductor device 
according to a fifth aspect of the present invention includes : 
forming a gate electrode containing polycrystalline 
silicon-germanium on a first conductive type semiconductor 
region in a semiconductor substrate; and forming an oxide 
layer all over the gate electrode by selectively oxidizing 
silicon in the gate electrode. 

RRTEF DESCRIPTION O F THE DRAWINGS 

Figs. 1(a) and 1(b) show the structure of a 
semiconductor device according to a first embodiment of the 
present invention. 

Figs. 2(a) to 2(d) are sectional views showing 
manufacturing process of a method of manufacturing a 
semiconductor device according to a second embodiment of the 
present invention. 

Figs. 3(a) to 3(b) are sectional views showing 
manufacturing process of the method of manufacturing a 
semiconductor device according to the second embodiment of 
the present invention. 

Fig. 4 is a graph showing the germanium concentration 
dependence of phosphorous activating rate. 

Fig. 5 is a graph showing the germanium concentration 
dependence of boron activating rate. 

Figs. 6(a) and 6(b) show the structure of a 
semiconductor device according to a third embodiment of the 
present invention. 

Figs. 7(a) to 7(d) are sectional views showing 
manufacturing process of a method of manufacturing a 
semiconductor device according to a fourth embodiment of the 
pr es ent invent io n . 

Fig. 8 is a sectional view showing the structure of a 



.conventional semiconductor device. 



DK.qriRTPTTON OF THE EMBODIMENTS 

Hereinafter, embodiments of the present invention will 
5 be described with reference to the accompanying drawings. 



(First Embodiment) 

A semiconductor device according to a first embodiment 
of the present invention will be described with reference 

10 to Figs. 1(a) to 1(b). The semiconductor device of this 
embodiment includes a MISFET having a gate electrode of 
polycrystalline silicon-germanium. Fig. 1(a) shows the 
structure thereof, and Fig. 1(b) shows the concentration 
distribution graph of boron (B) and germanium (Ge) at the 

15 section taken along line A - A' of Fig. 1(a). 

The semiconductor device in this embodiment includes 
an n-channel MISFET having a gate electrode 8a formed in a 
p-type semiconductor region 2a of a semiconductor substrate 
1 , which gate electrode 8a is isolated by a device isolation 

20 insulating layer 4 , a channel region formed immediately below 
the gate electrode 8a in the p-type semiconductor region 2a, 
an n-type diffusion layer 20 constituting source/drain 
regions formed at the opposite sides of the channel region 
in the p-type semiconductor region 2a, an n-type diffusion 

25 layer (hereinafter also referred to as "extension layer") 
16 formed between the diffusion layer 20 and the channel 
region in the p-type semiconductor region 2a and having an 
impurity concentration lower than the diffusion layer 20, 
and a gate sidewall 18 of an insulating material formed at 

30 the side portion of the gate electrode 8a. Furthermore, in 
this MISFET, the gate electrode 8a is formed of 
polycrystalline silicon-germanium, and boron (B) is 
implanted thereto to make it conductive. As shown in Fig. 
1(b), the germanium concentration of the gate electrode 8a 

35 is continuously increased from the drain side to the source 
side. That is, in the gate electrode 8a, a portion 14 having 
a higher activating concentration of boron and a higher 



.concentration of germanium is formed at the source side, and 
a portion having lower concentrations is formed at the drain 
side. As germanium activates p-type impurities (such as 
boron) , the activating concentration of boron is continuously 
5 increased from the drain side to the source side. An oxide 
layer 12 is formed between the portion 14 having a higher 
germanium concentration and the gate sidewall 18. The 
thickness of the portion 14 having a higher germanium 
concentration is substantially the same as that of the oxide 
10 layer 12. The germanium concentration of that portion is 1. 
5 to 2 times that of the central portion of the gate electrode 
8a. 

A source electrode and a drain electrode are formed on 
the source/drain regions 20, which are not shown in the 
15 drawings . 

As described above, in this embodiment, since the 
germanium concentration at the source side is lower than that 
of the drain side, the impurity (boron) activating 
concentration of the drain side is lower than that of the 

20 source side. Accordingly, in the region near the drain 
region, to which a high electric field is applied, since a 
depletion layer expands in the gate electrode 8a, depletion 
layer capacitance is connected in series to the capacitance 
between the gate electrode 8a and the drain electrode (not 

25 shown). Accordingly, the gate capacitance is effectively 
decreased to moderate the electric filed at the drain edge, 
thereby inhibiting the degradation of the gate breakdown 
voltage at the drain edge. Accordingly, even if 
miniaturization of devices is carried out, it is possible 

30 to inhibit the degradation of performance. 

(Second Embodiment) 

Next, a method of manufacturing a semiconductor device 
according to a second embodiment of the present invention 
35 will be described with reference to Figs. 2(a) to 2(d) and 
3(a) to 3(b) . 

First, as shown in Fig. 2(a), a device isolation 



•insulating layer 4 of an insulating material is formed in 
an n-type semiconductor substrate 1, and a p-type 
semiconductor region 2a is formed in one of the isolated 
regions by implanting a p-type impurity therein. 
5 Accordingly, the other of the isolated regions becomes an 
n-type semiconductor region 2b. Subsequently, a gate 
insulating layer 6 is formed over the p-type semiconductor 
region 2a and the n-type semiconductor region 2b, and a 
polycrystalline silicon-germanium layer 8 is deposited 
10 thereon by CVD (Chemical Vapor Deposition) method. 
1^ Then, as shown in Fig. 2(b), the polycrystalline 

G silicon-germanium layer 8 is patterned by the lithography 

T technique and RIE (Reactive Ion Etching) method to form gate 

? p electrodes 6a and 6b on the semiconductor regions 2a and 2b. 
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5 Next, as shown in Fig. 2(c), an oxidation preventing 

layer 10 of a material preventing the entry of oxidizer, e.g. , 
silicon nitride, is deposited over the entire surf ace. Then, 
|!j as shown in Fig. 2(d), the oxidation preventing layer 10 is 

pattered by the lithography technique to expose only one side 
j*} 20 (source side) of each electrode 8a, 8b. Then, as shown in 



m 



Fig. 3(a), each of the exposed sides of the gate electrodes 
8a and 8b is oxidized to form an oxide layer 12. Thereafter, 
the oxidation preventing layer 10 is removed. By setting the 
oxidation condition such that silicon in polycrystalline 
silicon-germanium is selectively oxidized, the germanium 
concentration is increased only in portions 14 of the gate 
electrodes 8a and 8b covered by the oxide layer 12. The 
thickness of the oxide layer 12 is set to be 0.5 nm or more, 
and 10 nm or less. The upper limit of the thickness of the 
oxide layer 12 is set such that ion implantation for forming 
source/drain extension layers 16 and 17 is not hindered. The 
lower limit is determined by considering the region at the 
gate edge portion where germanium concentration is increased, 
and the concentration thereof. In the MISFET thus obtained, 
if the germanium concentration at the time of deposition is 
20%, the germanium concentration in the gate electrode with 
the oxide layer having a thickness of 2 nm at its source edge 
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,is 20% at its drain edge portion, and 40% at its source edge 
portion extending about 2 nm from the edge. 

Next, ion-implantation of an impurity is performed to 
form the extension layers 16 and 17, as shown in Fig. 3(b). 
5 First, the extension layer 16 is formed by covering the 
p-channel MISFET forming region, i.e., the n-type 
semiconductor region 2b with a photo resist pattern, and by 
implanting an n-type impurity into the n-channel MISFET 
forming region, i.e., the p-type semiconductor region 2a 
10 using the gate electrode 8a as a mask. Subsequently, after 
the resist pattern is removed, the extension layer 17 is 
formed by covering the n-channel MISFET forming region 2a 
fQ with a photo resist pattern, and by implanting a p-type 

*$ impurity into the p-channel MISFET forming region 2b using 

|{j 15 the gate electrode 8b as a mask. Thereafter, the resist 
N> pattern is removed. Although the extension layer 17 was 

formed after the formation of the extension layer 16 in the 
Pi above description, the extension layer 17 may be formed before 

H the formation of the extension layer 16. 

0 20 Next, a gate sidewall 18 is formed by depositing an 

W insulating material all over the surface, and etching the 

insulating material by RIE method such that the insulating 
material remains on the side portions of the gate electrodes 
8a and 8b. Thereafter, an n-type diffusion layer 20 and a 

25 p-type diffusion layer 21 serving as source/drain regions 
are formed. The n-type diffusion layer 20 is formed by 
performing ion implantation of an n-type impurity, e.g., 
arsenic (As + ) or phosphorus (P + ) into the n-channel MISFET 
forming region 2a using the gate electrode 8a as a mask after 

30 the formation of a photo resist pattern (not shown) covering 
the p-channel MISFET forming region 2b. After the above 
resist patter is removed, the p-type diffusion layer 21 is 
formed by performing ion implantation of a p-type impurity, 
e.g., boron (B + ), into the p-channel MISFET forming region 

35 2b using the gate electrode 8b as a mask after the formation 
of a photo resist pattern (not shown) covering the n-channel 
MISFET forming region 2a. That is, the diffusion layer 20 



% is formed in a self-aligned manner with respect to the gate 
electrode 8a and the gate sidewall 18, and the diffusion layer 
21 is formed in a self -aligned manner with respect to the 
gate electrode 8b and the gate sidewall 18. Although the 
5 diffusion layer 21 was formed after the formation of the 
diffusion layer 20 in the above description, the diffusion 
layer 21 may be formed before the formation of the diffusion 
layer 20. 

Next, known anneal treatment with a fact thermal 
10 processing rate is performed to activate the diffusion layers 
l*k 20 and 21 serving as source/drain regions. Thereafter, a 

T salicide step to perform silicidation of only the portions 

fl where silicon is exposed is performed by depositing nickel, 

jj| titan, or titanium nitride, performing anneal treatment, and 

III 15 removing unreacted metal layer by chemical treatment . Then, 

an insulating layer (not shown) is deposited, which is 

it. 

gj smoothed by CMP (Chemical Mechanical Polishing). 

W Subsequently, a contact hole is formed through the insulating 

m layer to the source/drain regions 20 and 21. Then, a metal 

S3 20 is filled in the contact hole to form source/drain electrodes 

ilj 

(not shown), thereby completing the MISFET. 

In the MISFET manufactured by the method of this 
embodiment, the germanium concentration at the drain side 
is lower than that at the source side. Accordingly, the 

25 impurity activating concentration at the drain side is 
lowered. Therefore, in a portion near the drain, where a high 
electrical field is applied, a depletion layer extends in 
the gate electrode. Consequently, a depletion capacitance 
is connected in series with the capacitance between the gate 

30 electrode and the drain electrode. Thus, since the gate 
capacitance is effectively lowered to moderate the electrical 
field at the drain edge, it is possible to prevent the 
reduction in the gate breakdown voltage at the drain edge. 
If this embodiment is applied to the manufacture of a MISFET 

35 of 40 nm or less in channel length with an oxide layer at 
the source edge at 0.5 nm or more and 10 nmor less in thickness, 
it is possible to achieve a profile of which the germanium 
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.concentration is lowered from the source edge to the drain 
edge. Thus, it is possible to inhibit the degradation of 
performance even if miniaturization of devices is carried 
out. 

Figs. 4 and 5 show graphs of germanium concentration 
dependence of phosphorous /boron activating rates , by T. J. 
King, in IEEE Transaction Electron Devices, vol. 41, No. 2, 
p228, 1994. As can be understood from the graphs, the 
phosphorous /boron activating rates rise with an increase in 
germanium concentration of up to about 40%. Accordingly, in 
the manufacturing method of this embodiment, the same 
advantageous effects can be obtained for the n-channel MISFET 
and the p-channel MISFET . In Fig . 4 , the solid line indicates 
the germanium concentration dependence of phosphorous 
activating rate, and the broken line shows the germanium 
concentration dependence of electron mobility. In Fig. 5, 
the solid line indicates the germanium concentration 
dependence of boron activating rate, and the broken line shows 
the germanium concentration dependence of hole mobility. 

(Third Embodiment) 

Figs. 6(a) and 6(b) show the structure of a 
semiconductor device according to a third embodiment of the 
present invention. The semiconductor device in this 
embodiment includes a MISFET having a gate electrode of 
polycrystalline silicon- germanium. Fig. 6(a) shows the 
structure of the MISFET, and Fig. 6(b) shows a graph of 
germanium (Ge) concentration distribution at the section 
taken along line B - B' in Fig. 6(a). 

The semiconductor device in this embodiment includes 
an n-channel MISFET having a gate electrode 8a formed in a 
p-type semiconductor region 2a of a semiconductor substrate 
1, which gate electrode 8a is isolated by a device isolation 
insulating layer 4 , a channel region formed immediately below 
the gate electrode 8a in the p-type semiconductor region 2a, 
an n-type diffusion layer 20 constituting source/drain 
regions formed in the p-type semiconductor region 2a, an 



^n-type diffusion layer (hereinafter also referred to as 
"extension layer") 16 formed between the diffusion layer 20 
and the channel region in the p-type semiconductor region 
2a and having an impurity concentration lower than the 
5 diffusion layer 20, and a gate sidewall 18 of an insulating 
material formed at the side portion of the gate electrode 
8a. Furthermore, in this MISFET, the gate electrode 8a is 
formed of polycrystalline silicon-germanium, and boron (B) 
is implanted thereto to make it conductive. As shown in Fig. 
10 6(b), the germanium concentration of the gate electrode 8a 
|.« is continuously decreased from the source/drain sides to the 

central portion of the channel region. That is, in the gate 
jj electrode 8a, a portion 14 having a higher germanium 

;f; concentration is formed at the source/drain sides and the 

jtj 15 upper portion, and a portion having a lower germanium 

^ concentration is formed at the central portion . Accordingly , 

jjj.; the activating concentration of boron is continuously 

jW decreased from the source/drain sides to the central portion 

j| in the channel region. An oxide layer 12 is formed between 

|3 20 the portion 14 having a higher germanium concentration and 

the gate sidewall 18. The thickness of the portion 14 having 
a higher germanium concentration is substantially the same 
as that of the oxide layer 12. The germanium concentration 
in the portion 14 is 1 . 5 to 2 times that of the central portion 
25 of the gate electrode 8a. 

A source electrode and a drain electrode are formed on 
the source/drain regions 20, which are not shown in the 
drawings . 

As described above, in this embodiment, each of the gate 
30 electrodes 8a and 8b has the structure that the germanium 
concentration at the source/drain sides is higher than that 
of the central portion. Accordingly, the impurity (boron) 
activating concentration of the source/drain sides is higher 
than that of the central portion, and the resistance of the 
35 source/drain sides is lower than that of the central portion. 
Therefore, even if the miniaturization of the device is 
carried out, the proportion of the inactive region (high 



ft) 
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►resistance region) in the gate electrode is not increased. 
Accordingly, it is possible to inhibit the formation of 
depletion layer in the gate electrode, thereby preventing 
the decrease in the capability of driving current of 
transistors . Thus , it is possible to inhibit the degradation 
of performance even if miniaturization of devices is carried 
out. 

(Fourth Embodiment) 

Next, a method of manufacturing a semiconductor device 
according to a fourth embodiment of the present invention 
will be described with reference to Figs . 7(a) to 7 ( d ) showing 
sectional views of the process of manufacturing a MISFET 
formed in accordance with the method of this embodiment. 

First, as shown in Fig. 7(a), a device isolation 
insulating layer 4 of an insulating material is formed in 
an n-type semiconductor substrate 1, and a p-type 
semiconductor region 2a is formed in one of the isolated 
regions by implanting a p-type impurity therein. 
Accordingly, the other of the isolated regions becomes an 
n-type semiconductor region 2b. Subsequently, a gate 
insulating layer 6 is formed over the p-type semiconductor 
region 2a and the n-type semiconductor region 2b, and a 
polycrystalline silicon-germanium layer 8 is deposited 
thereon by thermal CVD method. 

Then, as shown in Fig. 7(b), the polycrystalline 
silicon-germanium layer 8 is patterned by the lithography 
technique and RIE (Reactive Ion Etching) method to form gate 
electrodes 6a and 6b on the semiconductor regions 2a and 2b. 

Subsequently, an oxide layer 12 is formed by 
selectively oxidizing the exposed surfaces of the gate 
electrodes 8a and 8b, as shown in Fig. 7(c). By setting the 
oxidation condition such that silicon in polycrystalline 
silicon-germanium is selectively oxidized, the germanium 
concentration is increased only in portions 14 of the gate 
electrodes 8a and 8b covered by the oxide layer 12 formed 
near both the sides and upper portions of the gate electrodes 



13 

,8a and" 8b. 

Next, ion- implantation of an impurity to form extension 
layers 16 and 17 is performed, as shown in Fig. 7(d). First, 
the extension layer 16 is formed by covering the p-channel 
5 MISFET forming region, i.e. , the n-type semiconductor region 
2b with a photo resist pattern, and by implanting an n-type 
impurity into the n-channel MISFET forming region, i.e. , the 
p-type semiconductor region 2a using the gate electrode 8a 
as a mask. Subsequently, after the resist pattern is removed, 
10 the extension layer 17 is formed by covering the n-channel 
1^ MISFET forming region 2a with a photo resist pattern, and 

by implanting a p-type impurity into the p-channel MISFET 

G 

l|j forming region 2b using the gate electrode 8b as a mask. 

.4* Thereafter, the resist pattern is removed. Although the 

Jy 15 extension layer 17 was formed after the formation of the 

M extension layer 16 in the above description, the extension 

*m layer 17 may be formed before the formation of the extension 

fy layer 16. 

ftij Next, a gate sidewall 18 is formed by depositing an 

0 20 insulating material all over the surface, and etching the 
W insulating material by RIE method such that the insulating 

material remains on the side portions of the gate electrodes 
8a and 8b. The oxide layer 12 on the gate electrodes 8a and 
8b is removed in the above etching step. Thereafter, an 
25 n-type diffusion layer 20 and a p-type diffusion layer 21 
serving as source/drain regions are formed. The n-type 
diffusion layer 20 is formed by performing ion implantation 
of an n-type impurity, e.g., arsenic (As + ) or phosphorus (P + ) 
into the n-channel MISFET forming region 2a using the gate 
30 electrode 8a as a mask after the formation of a photo resist 
pattern (not shown) covering the p-channel MISFET forming 
region 2b. After the above resist patter is removed, the the 
p-type diffusion layer 21 is formed by performing ion 
implantation of a p-type impurity, e.g., boron (B + ), into the 
35 p-channel MISFET forming region 2b using the gate electrode 
8b as a mask after the formation of a photo resist pattern 
(not shown) covering the n-channel MISFET forming region 2a. 
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•That is, the diffusion layer 20 is formed in a self-aligned 
manner with respect to the gate electrode 8a and the gate 
sidewall 18, and the diffusion layer 21 is formed in a 
self-aligned manner with respect to the gate electrode 8b 
5 and the gate sidewall 18. Although the diffusion layer 21 
was formed after the formation of the diffusion layer 20 in 
the above description, the diffusion layer 21 may be formed 
before the formation of the diffusion layer 20. 

Next, known anneal treatment with a fast thermal 
10 processing rate is performed to activate the diffusion layers 
|*s 20 and 21 serving as source/drain regions. Thereafter, a 

salicide step to perform silicidation of only the portions 
where silicon is exposed is executed by depositing nickel, 
titan, or titanium nitride, performing anneal treatment, and 



m 

§y 15 removing unreacted metal layer by chemical treatment. Then, 
an insulating layer (not shown) is deposited, which is 

0 smoothed by CMP (Chemical Mechanical Polishing). 

}-=j Subsequently, a contact hole is formed through the insulating 

Yi layer to the source/drain regions 20 and 21. Then, a metal 

0 20 is filled in the contact hole to form source/drain electrode 



(not shown), thereby completing the MISFET. 

As described above, in this embodiment, each of the gate 
electrodes 8a and 8b has the structure that the germanium 
concentration at the source/drain sides is higher than that 
of the central portion. Accordingly, the impurity (boron) 
activating concentration of the source/drain sides is higher 
than that of the central portion, and the resistance of the 
source/drain sides is lower than that of the central portion. 
Therefore, even if the miniaturization of the device is 
carried out, the proportion of the inactive region (high 
resistance region) in the gate electrode is not increased. 
Accordingly, it is possible to inhibit the formation of 
depletion layer in the gate electrode, thereby preventing 
the decrease in the capability of driving current of 
transistors . Thus, it is possible to inhibit the degradation 
of performance even if miniaturization of devices is carried 
out. 
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As described above, according to the present invention, 
it is possible to inhibit the degradation of performance even 
if miniaturization of devices is carried out. 

Additional advantages and modifications will readily 
occur to those skilled in the art. Therefore, the invention 
in its broader aspects is not limited to the specific details 
and representative embodiments shown and described herein. 
Accordingly, various modifications may be made without 
departing from the spirit or scope of the general inventive 
concepts as defined by the appended claims and their 
equivalents . 



